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Abstract. Different Romanian cultivars of Vaccinium corymbosum (Elliot, BlueCrop, and 
Duke) and Vaccinium myrtillius (Wild 1, Wild 2) were collected and analyzed for chlorogenic acid 
using High Performance Liquid Chromatography. Bluecrop cultivar was found to have the highest 
chlorogenic acid content (181.55 µg/100 g FW) among the cultivated blueberries analyzed, but the 
lowest values were obtained for Duke cultivar (97.84 µg/100 g FW). Both wild cultivars had high 
quantities of chlorogenic acid comparing to cultivate ones. 
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INTRODUCTION 
 
Blueberries belong to the genus Vaccinium, a widely varied genus with over 450 
species of deciduous woody plants, varying in size from dwarf shrubs to trees. Blueberries 
include several closely related small fruit species. Among the many actions of blueberry in the 
literature are mentioned: improve visual acuity and prevent macular degeneration (Trevithick 
and Mitton, 1999); prevent cancer appearance (Kraft et al., 2005, Neto, 2007); help better 
digestion, reduces colon inflammation, have antidiabetic properties (Martineau et al., 2006). 
This small fruits have a higher content in water, but also sugars, proteins, pectins, vitamins as 
C, A, PP, B1, B2 and mineral salts. Blueberries contain also some secondary metabolites, 
knows as polyphenols, compounds normally used in traditional medicine (Jellin et al., 2005). 
Polyphenols found in blueberries are anthocyanins, flavonols, phenolic acids and 
proanthocyanindins (Gao and Mazza, 1994; Wu et al., 2006; Moyer et al., 2002; Taruscio et 
al., 2004). Polyphenol content varies with environmental conditions before fruit maturation 
and the degree of maturity at harvest, but depends also on the genetic differences, 
(Zadernowski et al., 2005, Shahidi et al., 2004).  
Phenolic acids class belongs to polyphenols. Phenolic acids found in blueberries are 
caffeic, chlorogenic, gallic, p-cumaric and ferulic acids, but the chlorogenic acid is in higher 
quantities in these fruits (Zheng and Wang 2003, Taruscio et al., 2004).  
Structurally, chlorogenic acid is the ester of caffeic acid with the 3-hydroxyl group of 
quinic acid (Fig. 1). The beneficial effects of chlorogenic acid have been ascribed to its 
antioxidant activity, due to the potential to scavenge reactive oxygen radicals (Gasiorowski et 
al., 1997). The daily intake of phenolic acids is estimated to be between 25 mg and 1000 mg 
(Clifford, 1999). 
In present study our objective was to determine the chlorogenic acid content from five 
selected wild and cultivated blueberries from Romania. After our knowledge there is no study 
published until now regarding the chlorogenic acid concentration from Romanian cultivated 
and wild blueberries.  
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Fig.1. Chemical structure of chlorogenic acid 
 
MATERIALS AND METHODS 
 
Reagents. Chlorogenic acid standard was purchased from Sigma-Aldrich (Darmstadt, 
Germany). Methanol and glacial acetic acid were obtained from local producers.  
Plant material. Three varieties of cultivated highbush blueberries (Vaccinium 
corymbosum): Elliot, BlueCrop and Duke were obtained from a farm located in N-V of 
Romania. The two types of wild blueberries (Vaccinium myrtillius, Wild 1 and Wild 2) were 
harvested from two different mountainous geographical zones: 45°24’44”N and 46°44’37”N 
of Romania. The samples were stored in a freezer at -20 ºC until they were analyzed. 
Extraction methods. For sample extraction, 5 g of blueberries, in three replicated 
each, was extracted by grinding the sample 1 min at 20,000 rpm in a blender (Ultra-Turrax 
Miccra D-9 KT Digitronic, Germany) with 10 ml of acidified methanol (85:15 v/v, 
MeOH:HCl). The homogenate was centrifuged at 3500 rpm for 10 min. The extract was 
separated and the residue was re-extracted until the extraction solvents became colorless (the 
total solvent volume was between 100-250 ml). The filtrates were combined in a total extract, 
which was dried by vacuum rotary evaporator at 40°C. Prior to each analysis, the dry residues 
were redisolved in 10 ml of methanol; the samples were centrifuged at 5000 rpm and filtered 
through 0.45 µm nylon filter (Millipore). 
HPLC analysis of chlorogenic acid. The calibration curve was done using different 
concentrations of chlorogenic acid standard: 0-100 µg/ml. For each concentration the 
chromatogram was recorded at 280 nm.  
In order to separate and identify chlorogenic acid from our samples analyses were 
performed on a HPLC Agilent 1200 system coupled with UV–VIS detector (DAD). A 
Supelcosil LC 18 column (5µm, 25 cm x 4.6 mm) was used. The mobile phase consisted in: 
solvent A-methanol/ glacial acetic acid/bidistilled water (10/2/8, v/v/v) and solvent B-
methanol/ glacial acetic acid/ bidistilled water (90/3/7, v/v/v). The gradient elution system 
was: 0% B, 0-9 min; 15% B, 9-17 min; 50% B 17-30 min; 85% B, 30-50 min; 0% B, 50-55 
min. The flow rate was 1 ml/min and the analyses were performed at 25ºC. The results were 
expressed as µg chlorogenic acid equivalents per g fresh matter. 
 
RESULTS AND DISCUSSION 
 
Calibration curve and HPLC chromatograms for chlorogenic acid. The calibration 
curve for chlorogenic acid standard is represented in Figure 2, having the correlation factor 
R2=0.9966, which demonstrates a significant linearity between area and the concentration of 
chlorogenic acid standard. 
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The HPLC-DAD chromatogram represented in Figure 3 shows the specific retention 
time of chlorogenic acid standard as Rt=10.34 min. 
 
 
 
Fig. 2. Calibration curve for chlorogenic acid Fig. 3. HPLC chromatogram for chlorogenic acid  
 
 
 
Evaluation of phenolics content by HPLC analysis. The chlorogenic acid was 
identified and quantified from methanolic blueberry extracts, data obtained being presented in 
Tabel 1. Identification was done according to the retention time and the spectral 
characteristics of chlorogenic acid standard. 
The HPLC analysis of blueberry extracts showed that the chlorogenic acid 
concentration is in the range of 97.84- 219.28 µg/g fresh weight (Tab. 1). Fruits of Bluecrop 
cultivar was found to have the highest chlorogenic acid content among all the fruits tested and 
the lowest values were obtained for Duke cultivar. The chlorogenic acid content in blueberry 
extracts analyzed was very similar to those reported by Wang et al. (2008), from 24.8 to 167.3 
µg/g fruit and Skrede et al. (2000), 270 µg/g fruit. Other studies reported values lower than 
those obtained by us: 654 µg/g (Zheng and Wang, 2003), 1056 µg/g (Scibisz and Marta, 
2007) and 1091-2313 µg/g (Łata and Marzena, 2010). The HPLC-DAD chromatograms for 
chlorogenic acid in all the samples analyzed are presented in Figure 4.  
 
Tab. 1  
Total chlorogenic acid contents 
 
Sample name Chlorogenic acid (µg/g) 
Vaccinium corymbosum  
 Elliot 132.16 
Blue Crop 181.55 
Duke 97.84 
Vaccinium myrtillus  
Wild 1 160.73 
Wild 2 219.28 
-data expressed as micrograms of chlorogenic acid per gram of fresh weight 
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Fig. 4. Chromatograms of chlorogenic acid from blueberry fruits (recorded at 280 nm) 
A) cultivars Blue Crop, Duke, Elliot and B) varieties wild1 and wild 2. 
 
CONCLUSIONS 
 
As a conclusion, our study demonstrates that the fruits of cultivated and wild 
blueberry commonly consumed in Romania are a good source of chlorogenic acid. The wild 
blueberries contain a higher amount of chlorogenic acid than cultivated ones.  
In present in our laboratory more studies are performed regarding bioactive 
compounds found in Romanian blueberries in order to demonstrate their potential health 
benefits. 
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